Study Objective: To assess whether complaining of memory impairment, as measured by the subjective part of the Geriatric Mental State examination (GMS, the Canberra community version), predicts later development of dementia. Design: Prospective study of a random sample of older people with follow-ups after three, six, nine and twelve years. Setting: Persons living at home. Paricipants: 285 non-demented persons aged 75 years and above at start of study, 77.5% women.
INTRODUCTION
Complaints about reduced memory function are frequent among elderly people (1, 2) . Associations between subjective memory loss and depression, depressed mood and certain personality traits have been demonstrated (3) (4) (5) . However, studies of the relationship between a subjective feeling of a reduced memory function and objective memory impairment in elderly persons have led to ambiguous conclusions. Grut et al. (6) inferred that non-demented subjects with memory complaints perform less well on objective tests, while Hänninnen et al. (4) and Barker et al. (5) reported no correlation between perceived memory impairment and performance on memory tests. Nor did Christensen (7) find any association between memory complaints and test performance, except for those who felt that their memory was worse than their peers and worse than before, or had a poorer memory than predicted from their IQ.
Few studies have been carried out to examine whether subjective memory impairment predicts later development of dementia. Flicker (8) found that elderly people with a subjective perception of cognitive decrement were not at a high risk of worsened cognitive function during the subsequent 3-4 years. However, O'Brien et al. (9) showed that among subjects with memory complaints, nearly 10% developed dementia during the following three years.
The Canberra community version of the Geriatric Mental State examination (GMS, 10) consisted originally of five questions on perceived memory. This instrument was extended as suggested by Copeland (shown in Table 2 ) and applied at baseline in the Oslo study on mental health in the elderly, a populationbased study of the prevalence and incidence of dementia and depression in old age (11) . In the present study, we have assessed whether these items predict later development of dementia.
MATERIALS AND METHODS
Data came from a prospective study of 334 subjects which began in 1984 and has been described in detail elsewhere (11) . In the present paper, data from baseline (1984) and the follow-ups after 3, 6, 9, and 12 years was utilized. Patients diagnosed as demented (N=35), with delirium or psychosis (N=2) at baseline were excluded, as well as 12 persons who could not be tested properly because of severely impaired vision, hearing or speech. Thus, 285 persons were included (Table 1) . Their mean age at baseline (T0) was 81.5 years (range 75-96), and there were 64 (22.5%) males. Mean length of education was eight years (interquartile range 7-9). Dementia was diagnosed according to the DSM-III criteria (1984), whereas DSM-III-R was used at the follow-ups (12, 13) . Table 1 shows a flow chart of the study. Diagnosed with dementia at T4 (new cases) 12 1 Only data from 129 cases used in the analyses, due to missing data 2 Including persons lost to follow-up at T2 (n=20), examined at T3 3 Including persons lost to follow-up at T2 and T3 (n=12), examined at T4
All respondents were assessed clinically and tested in their homes by the same physician (KE), who had long experience working with elderly people and also had special training in psychiatry (14) . Perceived memory was scored at baseline using the subjective GMS items. Depressive symptoms were assessed using a modified and shortened version of the Beck Depression Inventory (14, 15) . This contains items relating to mood, namely sadness, pessimism and loneliness. In a subsample consisting of 80 participants in the Oslo Study, the Montgomery and Aasberg depression scale (MADRS, 16) was also applied, and there was a high correlation between the modified Beck inventory and the MADRS sumscore (Pearson's correlation = 0.91) (in preparation). Statistical analyses were performed with the BMDP and Epi-Info program packages (17, 18) . Table  analyses were applied to assess the relationship between age, gender, vision, hearing, education, depressive symptoms and perceived memory at baseline, expressed by tests of statistical significance (p-value). Bivariate table analyses were used to examine the association between the GMS items at baseline and later development of dementia expressed by odds ratio (OR) and a 95% confidence interval (CI), or by a test of statistical significance (p-value). Multivariate methods were applied to assess the association between GMS questions and later development of dementia and to adjust for potential confounding by depressive symptoms. Table 2 shows the distribution of the responses to the GMS items at baseline. Having one or more memory problem was reported by 36.5%. A substantial percentage reported forgetting where they had put things, that remembering things was more difficult than it used to be, or that they wrote reminders to themselves more frequently now than before. However, few complained about forgetting the names of family members or friends, forgetting to lock doors or to turn off the cooker, or to have problems with finding their way in well-known places.
RESULTS
For further analyses, we excluded items that received less than 5% positive responses in the baseline examination, as these would have a low sensitivity as markers of later dementia. This left four items for further analyses, i.e.: 'Do you forget things you've just read or heard?', 'Do you forget where you have put things?', 'Is it more difficult to remember things than it used to be?' and 'Do you write reminders to yourself more often now than before?'
Correlates of perceived memory at baseline
There was no statistically significant relationship between age at baseline (divided into three categories: 75-79, 80-84 and 85+ years) and the responses to the four GMS items subjected to further analyses (p>0.08 on chisquare for linear trend). Nor was there any association (analyses of 2 x 2 tables) with gender (p>0.30), vision (p>0.347), hearing (p>0.234) or length of education (p>0.220), except for a positive relationship between the item concerning writing reminders and length of education (p=0.001).
The relationship between the four GMS items and the MMSE sumscore at baseline was analyzed after categorizing the sumscore into three bands (24-25, 26-28 and 29-30) . No significant association was demonstrated (p>0.131 on chisquare for linear trend for all analyses). The association between the score on each of the four GMS items and depressive symptoms was also studied by table analysis. A statistically significant relationship existed for all four GMS questions (p< 0.027 on chisquare for linear trend for all analyses).
Relationship between scoring on GMS items at baseline and new dementia diagnosed at follow-ups
Bivariate analyses demonstrated an assosiation between new dementia occuring within three years (N=22 out of 213 survivors examined) and two of the four GMS items at baseline: 'Is it more difficult to remember things than it used to be?' (OR=3.0, CI=1.1-8.1), and 'Do you write reminders to yourself more often now than before?' (OR=2.7, CI=0.9-7.6, Table 3 ). The predictive value of a confirmatory answer on these two items was 0.17 and 0.19, respectively. There was no significant association between length of education and development of dementia. No significant relationship was found (bivariate analyses) between any GMS item at baseline and new dementia developed during the periods 3-6, 6-9, and 9-12 years (p>0.20) except for a statistically significant assosiation between 'Do you write reminders to yourself more often now than before?' and new dementia diagnosed at T3 (9 years after baseline, p=0.03).
Multivariate adjustment for confunding by depressive symptoms
Depressive symptoms were related to the scoring on the four GMS items at baseline and also predicted dementia after three years (OR=3.9, CI=1.3-12.1). Thus they were potential confounders of an association between perceived memory impairment at baseline and later dementia. To test for this, we carried out multiple logistic regression analyses with backward stepping, one model for each of the four GMS questions with pvalues <0.10 on the association between the GMS items at baseline and dementia after three years (cutpoint 2/3 on the modified Beck inventory). The results showed a significant and independent association between new dementia within three years (N=22), after adjustment for depressive symptoms, and the following two questions: 'Is it more difficult to remember things than it used to be?' (adjusted OR=3.3, CI=1.2-8.6), and 'Do you write reminders to yourself more often now than before?' (adjusted OR=2.8, CI=1.0-7.6). Both these questions had acceptable sensitivity (0.6 and 0.4) and specificity (0.7 and 0.8) as diagnostic markers regarding new dementia within three years, and were included in further analyses (Table 3) .
Risk assessment of developing dementia within three years by simultaneous use of GMS questions, the MMSE sumscore, and the modified Beck inventory
Using this cohort, we have previously demonstrated that a low, though 'normal', MMSE sumscore (24) (25) (26) (27) also is a significant predictor of new dementia within the next three years (19) . Multiple logistic regression with backward stepping was carried out with an initial model consisting of the two remaining GMS items, the MMSE score divided into two bands (cutpoint 27/28) and the modified Beck inventory (cutpoint 2/3). This resulted in a final model containing the MMSE (adjusted OR=7.4, CI=2.4-22.9), the modified Beck score (adjusted OR=4.3, CI=1.4-13.4), and the GMS variable 'Is it more difficult to remember things now than it used to be?' (adjusted OR=3.8, CI=1.4-10.8). The probabilities of developing dementia within three years, depending simultaneously on subjective memory impairment, depressive symptoms and MMSE sumscore are presented in Table 4 . Table 3 . Scoring on the four GMS-items with high baseline prevalences of impairment at T0 related to new dementia after three years (N = 213). 
DISCUSSION
The results show that elderly people with a subjective feeling of memory problems are at increased risk of developing dementia within the following three years. Depressive symptoms and an MMSE sumscore of 24-27 are also independent risk factors, and the combined presence of all these at baseline gave an estimated probability of developing dementia within the following three years as high as 0.64. In this study, just over one third reported at least one memory problem on the ten GMS items. This is consistent with the French study by Gagnon et al. (20) , in which 33.5% of a total sample of 2,715 nondemented, somewhat younger subjects than in our study (mean age 74.8 years), reported having problems in memorizing simple, new information. Also, Bringel-Öhman et al. (21) found that 33% of 305 nondemented subjects (mean age 84.5 years) in the Swedish Kungsholmen project reported memory problems as measured by the Comprehensive Psychopathological Rating Scale (CPRS). Our study is, however, not consistent with the results of a Finnish study by Koivisto et al. (22) , in which 76.3% out of a population of 1,049 persons (mean age 68.8 years) had subjective memory problems according to Memory Complaint Questionnaire (MAC-Q score). Although both demented and nondemented individuals were included, it can hardly explain the reported high prevalence.
The study by Flicker (8) included 59 persons with subjective memory impairment who had a follow-up examination after an average of 3.4 years. In contrast to our results, they found no decline in cognitive function at the follow-up examination. Taylor et al. (23) (9) reported development of dementia during three years in six out of 68 persons reporting memory problems, and this was found to be a slightly higher proportion than expected in a random population of elderly people. Bringel-Öhman et al. (21) also found that subjective memory complaints predict the development of dementia; 44% of their subjects with memory complaints (N=101) developed dementia compared to 17% of subjects without such complaints. Except for a statistically significant association between one GMS item and new dementia diagnosed after 9 years (T3), which probably is due to multiple statistical tests being made, an association between memory complaints and development of dementia was only valid within the first three years. This fits well in with the results of our previous study which showed that a low, but 'normal' score on the MMSE predicts the development of dementia within three, but not within 3-6 years (19). Masur et al. (24) , who developed a model for predicting dementia consisting of different neuropsychological tests, showed that this model predicted dementia within three years very well, but had a very low ability to predict dementia after six years. The reason for this lack of predictability over more than three years probably is that perceived memory impairment relates to early dementia, and that a dementing process, when initiated, develops so rapidly that most sufferers with early symptoms will have a clear-cut dementia after three years.
Of the 10 subjective GMS-questions, the item 'Is it more difficult to remember things than it used to be?' proved to be the most sensitive regarding later development of dementia. This may reflect the fact that a change in mental function has started, even though the instruments used for cognitive testing are unable (low sensitivity) to detect these early changes (9) .
Our results thus provide clues on how to identify elderly persons at an increased risk of developing dementia. Based on the results of this study, we think at least some examination regarding cognitive function and depressive symptoms should be made when elderly persons complain to their GP about a reduced memory function. The results of this assessment, if it is not pathological, can be regarded as a baseline level for later clinical follow-up.
